ABSTRACr Cytochrome c oxidase (ferrocytochrome c: oxygen oxidoreductase, EC 1.9.3.1) has been resolved into a pair of complexes of unequal molecular weight. The larger complex (electron transfer complex) contains exclusively the oxidation-reduction proteins characteristic of cytochrome oxidase; the smaller complex (ion transfer complex) shows exclusively the capability for cation-dependent induction of the fluorescence of 8-anilino-l-naphthalenesulfonic acid-a capability demonstrable in preparations of cytochrome oxidase. The duylex nature of cytochrome oxidase has important implications or the mechanism of energy coupling. The mechanism of energy coupling is still one of the most baffling problems of biology. [See a recent review (1) for the epitomization of present uncertainties.] Whatever the principle of energy coupling, it is obvious that the structure of an energy coupling system must express with fidelity this principle and the mechanism of energy coupling has to be deeply rooted in the structure of the system. The ultimate test, therefore, of the validity of any proposed principle of energy coupling is that the principle should provide the key for the systematic resolution, description, and rationalization of the energy coupling system.
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Because energy coupling depends upon the coupled interaction of driving and driven systems (2) , it necessarily follows that energy coupling systems should be resolvable into a moiety that effectuates the driving reaction and a moiety that effectuates the driven reaction. Cytochrome oxidase, one of the four complexes of the mitochondrial electron transfer chain, has been shown in several laboratories to be an energy coupling system by various criteria (3) (4) (5) (6) 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. The colored supernatant from which the ITC precipitate was removed was neutralized to pH 7.0 with Tris-base. After being thoroughly mixed the suspension was incubated at 37°C. After 15 min the green precipitate of ETC was removed by centrifugation, washed twice with 10 vol of 0.05 M Tris-HCI (pH 7.4), and then resuspended in a minimal volume of the buffer. Table 1 is a summary of the yields of ETC and ITC achieved by the resolution method described. The ratio of ETC protein to ITC protein was 1.2:1. As shown in Table 2 the heme and copper contents of the ETC were both about 1.9 times the respective values for the unresolved cytochrome oxidase. These values are clearly rationalized in terms of the ETC to ITC protein ratio. No heme content was measurable in the ITC, and, although a small amount of copper was present, this was clearly the result of crosscontamination which was easily removed by washing with an EDTA solution ( Table 3) .
Spectral analysis of the ETC and ITC confirmed the exclusive localization of cytochrome a in the ETC, and also indicated that the method of resolution did not produce any modification in the spectral characteristics of this cytochrome (Fig. 1) .
Cytochrome oxidase from beef heart mitochondria has been shown to contain at least seven subunits ranging in molecular weight from 35,000 (subunit I) to 4400 (subunit VII) (17) . Fig.  2 contains the gel electrophoretic profiles of cytochrome oxi- dase, ETC, and ITC. Subunits I and III appeared to be exclusive to the ITC, whereas subunit II was common to both ETC and ITC fractions. The "chain-subunits" (IV-VII) so well defined in ETC were present to a marginal extent in ITC. We conclude from the gel profiles that subunits IV, V, VI and VII are intrinsic to ETC but not to ITC.
Cytochrome oxidase has been shown (3) to induce the cation-dependent fluorescence of ANS in an aqueous medium. This capability has been demonstrated to be a reflection of the presence of electrogenic ionophores. from cytochrome oxidase. When solubilization with alkali was omitted, the two populations of particles were easily demonstrable. (ITC is insoluble in the acid/alcohol mixture used for resolution whereas cytochrome oxidase is initially soluble.) This simple experiment demonstrates that the resolution of cytochrome oxidase is a reversible process. DISCUSSION Kessler et al. (3) were the first to recognize the ETC-ITC arrangement of cytochrome oxidase but the methodology for the quantitative resolution of cytochrome oxidase into its two derivative complexes had yet to be developed. The present communication documents a method for the clean resolution of cytochrome oxidase into two component complexes. The ETC contains exclusively the components necessary for oxidation-reduction reactions, whereas the ITC contains exclusively the components necessary to mediate cyclical cation transfer (2). Wikstrom (6) has recently shown that electron transfer in cytochrome oxidase is coupled to protonic changes on the two sides of the membrane, which he interprets in terms of the coupling of electron and proton flow. Wikstrom is in agreement with our position that cytochrome oxidase is a duplex energy coupling system. We are proposing coupling of electron flow to cation transfer; Wikstrom proposes coupling of electron flow to proton transfer.
Based on the molecular weights of the subunits in each complex (17) , ITC (subunits I,. II, and III) has a molecular weight of 80,500, and ETC (subunits II, IV, Va, Vb, VIa, VIb, and VII), a molecular weight of 90,800. The doublets for subunit V are designated as Va and Vb; the doublets for subunits VI, as VIa and VIb. The molecular weights for these four species were assumed to be 14,600 (Va), 12,400 (Vb), 10,300 (VIa), and 8, 200 (VIb)-the values for Va and VIa being estimated by extrapolation. The predicted molecular weight of cytochrome oxidase is accordingly 171,300 with a heme and copper content of 11.7 nmol per mg of protein, given two molecules of heme and two atoms of copper per unit of molecular weight. The correspondence of theoretical and observed heme and copper values for cytochrome oxidase and ETC is satisfactory (see Table 5 ).
In mitochondria electron flow can be coupled to ATP synthesis, active transport of cations, transhydrogenation, or cyclical transport of cations. How can these options be reconciled with the commitment in cytochrome oxidase to the coupling of electron flow to cation transport? A control mechanism involving a Ca2±-induced transition determines the coupling options in mitochondria according to Hunter et al. (18) , and thus the coupling of electron flow can be switched to ATP synthesis from cyclical cation transfer by virtue of this controlled transition in coupling modes.
The duplex nature of cytochrome oxidase establishes beyond peradventure that coupling is direct-i.e., that electron flow is directly coupled to ion transfer. Models such as the chemiosmotic model that postulate indirect coupling between electron flow and cation transfer via a membrane potential are incompatible with the experimental facts.
How general is this ETC-ITC arrangement of electrontransfer complexes? Does it apply to other complexes of the mitochondrial electron transfer chain? Elsewhere we have described the resolution of Complex III into ETC and ITC (7) by an identical method to that described above for the resolution of cytochrdme oxidase. Furthermore, this concept has been shown to apply to Complex II (unpublished data). As we expected, the ETC-ITC structure of electron transfer complexes may be general for energy coupling systems in the sense that each such system is a composite of a driving reaction center and a driven reaction center.
Phan and Mahler (19, 20) have isolated a derivative form of the electron transfer chain from cytochrome oxidase of both yeast and beef heart mitochondria. The electrophoretic gel profile of this fragment closely resembles that of the ETC reported above and contains the same set of five subunits including the doublet for V and VI.
